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(57) A heat exchanger (HE) includes: a first heat
transfer portion (31a) having a plurality of first heat trans-
fertubes (31); asecond heattransfer portion (32a) having
a plurality of second heat transfer tubes (32); and a ze-
otropic refrigerant flowing through the plurality of first heat
transfer tubes (31a) of the first heat transfer portion (31)
and the plurality of second heat transfer tubes (32a) of
the second heat transfer portion (32). The plurality of first
heat transfer tubes (31a) of the first heat transfer portion
(31) and the plurality of second heat transfer tubes (32a)
of the second heat transfer portion (32) are arranged in
aline. The first heat transfer portion (31) and the second
heat transfer portion (32) are configured to allow the ze-
otropic refrigerant to flow from the first heat transfer por-
tion (31) and turn only once into the second heat transfer
portion (32).
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a heat ex-
changer and a refrigeration cycle apparatus.

BACKGROUND ART

[0002] Arranging heat transfer tubes in multiple lines
has been proposed in order to enhance the performance
of a heat exchanger of a refrigeration cycle apparatus.
Since a heat exchanger is mounted in a limited space,
arranging heat transfer tubes in multiple lines can lead
to an increase in mounting density of the heat transfer
tubes and anincrease in heattransfer area. Forexample,
a heat exchanger of an indoor unit of an air conditioning
apparatus described in Japanese Patent Laying-Open
No. 2014-40983 (PTL 1) has heat transfer tubes ar-
ranged in multiple lines.

CITATION LIST
PATENT LITERATURE

[0003] PTL 1: Japanese Patent Laying-Open No.
2014-40983

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] Inthe case where azeotropic refrigerantis used
in a heat exchanger having heat transfer tubes arranged
in multiple lines, temperature distribution occurs in the
zeotropic refrigerant, and due to this, a heat exchange
loss occurs when the refrigerant flows parallel to an air
flow. In addition, in the case where a zeotropic refrigerant
isused when aheat exchanger having heat transfer tubes
arranged in multiple lines is applied to an outdoor heat
exchanger and functions as an evaporator, temperature
distribution occurs in the zeotropic refrigerant, and due
to this, the temperature on the windward side decreases
and frost is likely to form when the refrigerant flows par-
allel to an air flow.

[0005] The present disclosure has been made in light
of the above-described problem, and an object thereof
is to provide a heat exchanger and a refrigeration cycle
apparatus that make it possible to suppress a heat ex-
change loss while using a zeotropic refrigerant, and to
suppress frost formation.

SOLUTION TO PROBLEM

[0006] A heat exchanger of the present disclosure in-
cludes: a first heat transfer portion having a plurality of
first heat transfer tubes; a second heat transfer portion
having a plurality of second heat transfer tubes; and a
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zeotropic refrigerant flowing through the plurality of first
heat transfer tubes of the first heat transfer portion and
the plurality of second heat transfer tubes of the second
heat transfer portion. The plurality of first heat transfer
tubes of the first heat transfer portion and the plurality of
second heat transfer tubes of the second heat transfer
portion are arranged in a line. The first heat transfer por-
tion and the second heat transfer portion are configured
to allow the zeotropic refrigerant to flow from the first heat
transfer portion and turn only once into the second heat
transfer portion.

ADVANTAGEOUS EFFECTS OF INVENTION

[0007] According to the heat exchanger of the present
disclosure, it is possible to suppress a heat exchange
loss while using a zeotropic refrigerant, and to suppress
frost formation.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

Fig. 1 is arefrigerant circuit diagram of a refrigeration
cycle apparatus according to a first embodiment.
Fig. 2 is atop view schematically showing an internal
structure of an outdoor unit of the refrigeration cycle
apparatus according to the first embodiment.

Fig. 3 is a front view schematically showing a heat
exchanger according to the first embodiment.

Fig. 4 is a cross-sectional view schematically show-
ing a first heat transfer tube and a second heat trans-
fer tube of the heat exchanger according to the first
embodiment.

Fig. 5 is a cross-sectional view schematically show-
ing a first modification of the heat exchanger accord-
ing to the first embodiment.

Fig. 6 is a cross-sectional view schematically show-
ing a second modification of the heat exchanger ac-
cording to the first embodiment.

Fig. 7 is a front view schematically showing a third
modification of the heat exchanger according to the
first embodiment.

Fig. 8 is a front view schematically showing a fourth
modification of the heat exchanger according to the
first embodiment.

Fig. 9 is a front view schematically showing a fifth
modification of the heat exchanger according to the
first embodiment.

Fig. 10 is a front view schematically showing a heat
exchanger according to a second embodiment.
Fig. 11 is a perspective view schematically showing
a fin in a first modification of the heat exchanger ac-
cording to the second embodiment.

Fig. 12 is a front view schematically showing a sec-
ond modification of the heat exchanger according to
the second embodiment.
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DESCRIPTION OF EMBODIMENTS

[0009] Embodiments will be described hereinafter with
reference to the drawings, in which the same or corre-
sponding portions are denoted by the same reference
characters and description thereof will not be repeated.

First Embodiment

[0010] A configuration of a refrigeration cycle appara-
tus 100 according to a first embodiment will be described
with reference to Fig. 1. In the first embodiment, an air
conditioner is described as an example of refrigeration
cycle apparatus 100. A solid arrow in Fig. 1 indicates a
flow of refrigerant during cooling operation. A dashed ar-
row in Fig. 1 indicates a flow of refrigerant during heating
operation.

[0011] AsshowninFig. 1, refrigeration cycle apparatus
100 includes a compressor 1, a four-way valve 2, an out-
door heat exchanger 3, an expansion valve 4, an indoor
heat exchanger 5, an outdoor blower 6, an indoor blower
7, and a controller 8. A heat exchanger HE according to
the firstembodimentis applied to outdoor heat exchanger
3. Refrigeration cycle apparatus 100 includes an outdoor
unit 101, and an indoor unit 102 connected to outdoor
unit 101.

[0012] A refrigerant circuit 10 includes compressor 1,
four-way valve 2, outdoor heat exchanger 3, expansion
valve 4, and indoor heat exchanger 5. Compressor 1,
four-way valve 2, outdoor heat exchanger 3, expansion
valve 4, and indoor heat exchanger 5 are connected by
a pipe 20. Refrigerant circuit 10 is configured to circulate
the refrigerant.

[0013] The refrigerant is a zeotropic refrigerant. The
zeotropic refrigerant includes R32, and may include
R1234yf as another refrigerant. The zeotropic refrigerant
may include R1123 or R1234ze as another refrigerant.
Alternatively, the zeotropic refrigerant may be a mixture
of three or more types of refrigerant.

[0014] Compressor 1, four-way valve 2, outdoor heat
exchanger 3, expansion valve 4, outdoor blower 6, and
controller 8 are housed in outdoor unit 101. Indoor heat
exchanger 5 and indoor blower 7 are housed in indoor
unit 102. Outdoor unit 101 and indoor unit 102 are con-
nected by a gas pipe 21 and a liquid pipe 22. A part of
pipe 20 forms gas pipe 21 and liquid pipe 22.

[0015] Refrigerantcircuit 10 is configured such that the
refrigerant circulates in the order of compressor 1, four-
way valve 2, outdoor heat exchanger 3, expansion valve
4, indoor heat exchanger 5, and four-way valve 2 during
the cooling operation. In addition, refrigerant circuit 10 is
configured such that the refrigerant circulates in the order
of compressor 1, four-way valve 2, indoor heat exchanger
5, expansion valve 4, outdoor heatexchanger 3, and four-
way valve 2 during the heating operation.

[0016] Compressor 1 is configured to compress the
refrigerant. Compressor 1 is for compressing the zeo-
tropic refrigerant flowing into heat exchanger HE. Com-
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pressor 1 is configured to compress and discharge the
suctioned refrigerant. Compressor 1 may be configured
to be capacity-variable. Compressor 1 may be configured
such that a capacity thereof varies through the adjust-
ment of the rotation speed of compressor 1 based on an
instruction from controller 8.

[0017] Four-way valve 2 is configured to switch the flow
of the refrigerant to allow the refrigerant compressed by
compressor 1 to flow to outdoor heat exchanger 3 or in-
door heat exchanger 5. Four-way valve 2 has a first port
P1 to a fourth port P4. First port P1 is connected to the
discharge side of compressor 1. Second port P2 is con-
nected to the suction side of compressor 1. Third port P3
is connected to outdoor heat exchanger 3. Fourth port
P4 is connected to indoor heat exchanger 5. Four-way
valve 2 is configured to allow the refrigerant discharged
from compressor 1 to flow to outdoor heat exchanger 3
during the cooling operation. During the cooling opera-
tion, third port P3 is connected to first port P1 and fourth
port P4 is connected to second port P2 in four-way valve
2. In addition, four-way valve 2 is configured to allow the
refrigerant discharged from compressor 1 to flow to in-
door heat exchanger 5 during the heating operation. Dur-
ing the heating operation, fourth port P4 is connected to
first port P1 and third port P3 is connected to second port
P2 in four-way valve 2.

[0018] Outdoor heat exchanger 3 is configured to per-
form heat exchange between the refrigerant flowing in-
side outdoor heatexchanger 3 and the air flowing outside
outdoor heat exchanger 3. Outdoor heat exchanger 3 is
configured to function as a condenser that condenses
the refrigerant during the cooling operation, and to func-
tion as an evaporator that evaporates the refrigerant dur-
ing the heating operation.

[0019] Expansion valve 4 is configured to expand the
refrigerant condensed by the condenser to decompress
the refrigerant. Expansion valve 4 is configured to de-
compress the refrigerant condensed by outdoor heat ex-
changer 3 during the cooling operation, and to decom-
press the refrigerant condensed by indoor heat exchang-
er 5 during the heating operation. Expansion valve 4 is,
for example, a solenoid expansion valve.

[0020] Indoor heat exchanger 5 is configured to per-
form heat exchange between the refrigerant flowing in-
side indoor heat exchanger 5 and the air flowing outside
indoor heat exchanger 5. Indoor heat exchanger 5 is con-
figured to function as an evaporator that evaporates the
refrigerant during the cooling operation, and to function
as a condenser that condenses the refrigerant during the
heating operation.

[0021] Outdoor blower 6 is configured to blow the out-
door air to outdoor heat exchanger 3. That is, outdoor
blower 6 is configured to supply the air to outdoor heat
exchanger 3.

[0022] Indoor blower 7 is configured to blow the indoor
air to indoor heat exchanger 5. That is, indoor blower 7
is configured to supply the air to indoor heat exchanger 5.
[0023] Controller 8 is configured to control the devices



5 EP 4 368 919 A1 6

of refrigeration cycle apparatus 100 by, for example, per-
forming calculations or providing instructions. Controller
8 is electrically connected to compressor 1, four-way
valve 2, expansion valve 4, outdoor blower 6, indoor
blower 7 and the like to control the operation of these
components.

[0024] A configuration of outdoor unit 101 will be de-
scribed in detail with reference to Fig. 2.

[0025] Outdoor unit 101 has compressor 1, four-way
valve 2, outdoor heat exchanger 3, expansion valve 4,
outdoor blower 6, and controller 8. Outdoor unit 101 has
a housing 101a and a separator 101b. The interior of
housing 101ais partitioned into a machine chamber 101¢c
and a blower chamber 101d by separator 101b. Com-
pressor 1, four-way valve 2, expansion valve 4, and con-
troller 8 are arranged in machine chamber 101c. Outdoor
heat exchanger 3 and outdoor blower 6 are arranged in
blower chamber 101d.

[0026] Outdoor heat exchanger 3 is arranged to face
outdoor blower 6. Outdoor heat exchanger 3 is arranged
along a rear surface of housing 101a. Outdoor heat ex-
changer 3 extends in a width direction of housing 101a.
Outdoor heat exchanger 3 is formed in a line.

[0027] A configuration of outdoor heat exchanger 3 to
which heat exchanger HE according to the first embod-
iment is applied will be described in detail with reference
to Figs. 3 and 4. A solid arrow in Fig. 3 indicates a flow
of the refrigerant during the cooling operation.

[0028] In the present embodiment, outdoor heat ex-
changer 3 includes a first heat transfer portion 31, a sec-
ond heattransfer portion 32, a plurality of fins 33, aheader
34, and the zeotropic refrigerant. Outdoor heat exchang-
er 3 is a parallel flow-type heat exchanger. In the present
embodiment, first heat transfer portion 31 is arranged on
the upper side of second heat transfer portion 32. That
is, first heat transfer portion 31 forms an upper section,
and second heat transfer portion 32 forms a lower sec-
tion.

[0029] First heat transfer portion 31 has a plurality of
first heat transfer tubes 31a. The plurality of first heat
transfer tubes 31a of first heat transfer portion 31 are
configured to extend linearly. Second heat transfer por-
tion 32 has a plurality of second heat transfer tubes 32a.
The plurality of second heat transfer tubes 32a of second
heat transfer portion 32 are configured to extend linearly.
The plurality of first heat transfer tubes 31a of first heat
transfer portion 31 and the plurality of second heat trans-
fer tubes 32a of second heat transfer portion 32 are ar-
ranged in a line. The plurality of first heat transfer tubes
31a are overlaid on each other. The plurality of second
heat transfer tubes 32a are overlaid on each other. The
plurality of first heat transfer tubes 31a and the plurality
of second heat transfer tubes 32a are overlaid on each
other.

[0030] Each of the plurality of first heat transfer tubes
31a of first heat transfer portion 31 and the plurality of
second heat transfer tubes 32a of second heat transfer
portion 32 is at least any one of an oval tube, a circular
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tube and a flat perforated tube. In the present embodi-
ment, each of the plurality of first heat transfer tubes 31a
and the plurality of second heat transfer tubes 32a is a
flat tube. The flat tube has a shorter axis in a direction in
which the plurality of first heat transfer tubes 31a and the
plurality of second heat transfer tubes 32a are aligned in
a line, and a longer axis in a direction orthogonal to the
direction in which the plurality of first heat transfer tubes
31a and the plurality of second heat transfer tubes 32a
are aligned in a line. Each of the plurality of first heat
transfer tubes 31a and the plurality of second heat trans-
fer tubes 32a has one refrigerant flow path RP.

[0031] The zeotropic refrigerant flows through the plu-
rality of first heat transfer tubes 31a of first heat transfer
portion 31 and the plurality of second heat transfer tubes
32a of second heat transfer portion 32. First heat transfer
portion 31 and second heat transfer portion 32 are con-
figured to allow the zeotropic refrigerant to flow from first
heat transfer portion 31 and turn only once into second
heat transfer portion 32.

[0032] The number of the plurality of first heat transfer
tubes 31a of first heat transfer portion 31 is smaller than
the number of the plurality of second heat transfer tubes
32a of second heat transfer portion 32. A ratio of the
number of the plurality of second heat transfer tubes 32a
of second heat transfer portion 32 to the number of the
plurality of first heat transfer tubes 31a of first heat trans-
fer portion 31 is equal to or lower than 30%. When an
azeotropic refrigerant is used, the ratio of the number of
the plurality of second heat transfer tubes 32a of second
heat transfer portion 32 to the number of the plurality of
first heat transfer tubes 31a of first heat transfer portion
31 is 35%. The ratio of the number of the plurality of
second heat transfer tubes 32a of second heat transfer
portion 32 to the number of the plurality of first heat trans-
fer tubes 31a of first heat transfer portion 31 is lower than
that when the azeotropic refrigerant is used.

[0033] Inthe presentembodiment, each of the plurality
of fins 33 is a corrugated fin. Each of the plurality of fins
33 is arranged between first heat transfer tubes 31a ad-
jacent to each other, of the plurality of first heat transfer
tubes 31a. Each of the plurality of fins 33 is in contact
with each of first heat transfer tubes 31a adjacent to each
other, of the plurality of first heat transfer tubes 31a. Each
of the plurality of fins 33 is arranged between second
heat transfer tubes 32a adjacent to each other, of the
plurality of second heat transfer tubes 32a. Each of the
plurality of fins 33 is in contact with each of second heat
transfer tubes 32a adjacent to each other, of the plurality
of second heat transfer tubes 32a.

[0034] Header 34 is connected to each of both ends
of each of the plurality of first heat transfer tubes 31a of
first heat transfer portion 31 and the plurality of second
heat transfer tubes 32a of second heat transfer portion
32. Header 34 includes a first header portion 34a and a
second header portion 34b. First header portion 34a is
connected to one end (first end) of each of the plurality
of first heat transfer tubes 31a of first heat transfer portion
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31 and the plurality of second heat transfer tubes 32a of
second heat transfer portion 32. Second header portion
34b is connected to the other end (second end) of each
of the plurality of first heat transfer tubes 31a of first heat
transfer portion 31 and the plurality of second heat trans-
fer tubes 32a of second heat transfer portion 32.

[0035] First header portion 34a has a refrigerant inlet
and a refrigerant outlet. A partition portion 34c is provided
in first header portion 34a. Partition portion 34c is ar-
ranged at a boundary between first heat transfer portion
31 and second heat transfer portion 32. Therefore, the
refrigerant flowing from the refrigerantinletinto first head-
er portion 34a flows through the plurality of first heat
transfer tubes 3 1a of first heat transfer portion 31 to
second header portion 34b, turns in second header por-
tion 34b, and flows through the plurality of second heat
transfer tubes 32a to first header portion 34a. The refrig-
erant flowing to first header portion 34a flows out through
the refrigerant outlet. In this way, the refrigerant flows
from first heat transfer portion 31 and turns only once
into second heat transfer portion 32.

[0036] Next, the operation of refrigeration cycle appa-
ratus 100 according to the first embodiment will be de-
scribed with reference to Figs. 1 to 3.

[0037] Refrigeration cycle apparatus 100 can selec-
tively perform the cooling operation and the heating op-
eration. During the cooling operation, the refrigerant cir-
culates in refrigerant circuit 10 in the order of compressor
1, four-way valve 2, outdoor heat exchanger 3, expansion
valve 4, indoor heat exchanger 5, and four-way valve 2.
During the cooling operation, outdoor heat exchanger 3
functions as a condenser. Heat exchange is performed
between the refrigerant flowing through outdoor heat ex-
changer 3 and the air blown by outdoor blower 6. During
the cooling operation, indoor heat exchanger 5 functions
as an evaporator. Heat exchange is performed between
the refrigerant flowing through indoor heat exchanger 5
and the air blown by indoor blower 7.

[0038] The high-pressure gas refrigerant discharged
from compressor 1 flows into the refrigerant inlet of first
header portion 34a of outdoor heat exchanger 3 via a
gasinflow pipe. The high-pressure gas refrigerant flowing
into first header portion 34a is distributed into the plurality
of firstheat transfer tubes 31a of first heat transfer portion
31 and condenses to a degree of dryness of approxi-
mately 0.1 to thereby change into gas-liquid two-phase
refrigerant. The gas-liquid two-phase refrigerant joins in
second header portion 34b, is distributed into the plurality
of second heat transfer tubes 32a of second heat transfer
portion 32, and changes into supercooled liquid refriger-
ant beyond a saturated liquid. The supercooled liquid re-
frigerant joins in first header portion 34a and flows out
through the refrigerant outlet of first header portion 34a.
[0039] Duringthe heating operation, the refrigerant cir-
culates in refrigerant circuit 10 in the order of compressor
1, four-way valve 2, indoor heat exchanger 5, expansion
valve 4, outdoor heat exchanger 3, and four-way valve
2. During the heating operation, indoor heat exchanger

10

15

20

25

30

35

40

45

50

55

5 functions as a condenser. Heat exchange is performed
between the refrigerant flowing through indoor heat ex-
changer 5 and the air blown by indoor blower 7. During
the heating operation, outdoor heat exchanger 3 func-
tions as an evaporator. Heat exchange is performed be-
tween the refrigerant flowing through outdoor heat ex-
changer 3 and the air blown by outdoor blower 6.
[0040] The supercooled liquid refrigerant flowing from
indoor heat exchanger 5 into expansion valve 4 is de-
compressed in expansion valve 4 to thereby change into
low-pressure gas-liquid two-phase refrigerant having a
low degree of dryness. The low-pressure gas-liquid two-
phase refrigerant flows into the refrigerant inlet of first
header portion 34a of outdoor heat exchanger 3. The
low-pressure gas-liquid two-phase refrigerant flowing in-
to first header portion 34a is distributed into the plurality
of second heat transfer tubes 32a of second heat transfer
portion 32 and evaporates. The low-pressure gas-liquid
two-phase refrigerant joins in second header portion 34b,
is distributed into the plurality of first heat transfer tubes
31a of first heat transfer portion 31, and further evapo-
rates and vaporizes into superheated vapor refrigerant.
The superheated vapor refrigerant joins in first header
portion 34a and flows out through the refrigerant outlet
of first header portion 34a.

[0041] Refrigeration cycle apparatus 100 may be able
to selectively perform defrosting operation. During the
defrosting operation, the refrigerant circulates in refrig-
erant circuit 10 similarly to during the cooling operation.
During the defrosting operation, outdoor heat exchanger
3 functions as a condenser and indoor heat exchanger
5 functions as an evaporator.

[0042] Next, modifications of outdoor heat exchanger
3 to which heat exchanger HE according to the first em-
bodiment is applied will be described.

[0043] Referring to Fig. 5, in a first modification of out-
door heat exchanger 3 according to the firstembodiment,
each of the plurality of first heat transfer tubes 31a and
the plurality of second heat transfer tubes 32ais a circular
tube.

[0044] Referring to Fig. 6, in a second modification of
outdoor heat exchanger 3 according to the first embod-
iment, each of the plurality of first heat transfer tubes 31a
and the plurality of second heat transfer tubes 32a is a
flat perforated tube. The flat perforated tube has a plu-
rality of refrigerant flow paths RP. The plurality of refrig-
erant flow paths RP are arranged as being aligned in a
longer axis direction of the flat perforated tube.

[0045] Referringto Fig. 7, in a third modification of out-
door heat exchanger 3 according to the firstembodiment,
outdoor heat exchanger 3 has the plurality of first heat
transfer tubes 31a and the plurality of second heat trans-
fer tubes 32a, header 34, and a plurality of plate fins 35.
Each of the plurality of plate fins 35 is formed into a thin
plate. The plurality of plate fins 35 are arranged to be
stacked on top of each other. Each of the plurality of first
heat transfer tubes 31a and the plurality of second heat
transfer tubes 32a passes through the plurality of plate
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fins 35. Outdoor heat exchanger 3 is a fin-and-tube-type
heat exchanger.

[0046] Referring to Fig. 8, in a fourth modification of
outdoor heat exchanger 3 according to the first embod-
iment, outdoor heat exchanger 3 has the plurality of first
heat transfer tubes 31a and the plurality of second heat
transfer tubes 32a, and header 34. In the fourth modifi-
cation, outdoor heat exchanger 3 does not have a fin.
[0047] Referring to Fig. 9, in a fifth modification of out-
door heatexchanger 3 according to the first embodiment,
outdoor heat exchanger 3 has the plurality of first heat
transfer tubes 31a and the plurality of second heat trans-
fer tubes 32a, the plurality of fins 33, and header 34.
[0048] Each of the plurality of first heat transfer tubes
31a and the plurality of second heat transfer tubes 32a
extends in a vertical direction (gravity direction). There-
fore, the water discharge performance of each of the plu-
rality of first heat transfer tubes 31a and the plurality of
second heat transfer tubes 32a is enhanced. Each of the
plurality of fins 33 is a corrugated fin. The corrugated fin
extends in the vertical direction (gravity direction). There-
fore, the water discharge performance of the corrugated
fin is enhanced. Header 34 extends in a horizontal direc-
tion. Therefore, uniform distribution of the refrigerant in
header 34 is enhanced.

[0049] Next, the function and effect of the present em-
bodiment will be described.

[0050] In heat exchanger HE according to the present
embodiment, the plurality of first heat transfer tubes 31a
of first heat transfer portion 31 and the plurality of second
heat transfer tubes 32a of second heat transfer portion
32 are arranged in a line. Therefore, the zeotropic refrig-
erant does not flow parallel to the air flow. Thus, a heat
exchange loss caused by a temperature gradient of the
zeotropic refrigerant can be suppressed. That is, a heat
exchange loss caused by a decrease in temperature dif-
ference between the zeotropic refrigerant and the air due
to a temperature gradient of the zeotropic refrigerant can
be suppressed. As aresult, the heat exchange efficiency
can be increased. Furthermore, since the zeotropic re-
frigerant does not flow parallel to the air flow, a decrease
in temperature onthe windward side when heatexchang-
er HE is applied to outdoor heat exchanger 3 and func-
tions as an evaporator can be suppressed. Therefore,
frost formation can be suppressed.

[0051] Inaddition, firstheattransfer portion 31 and sec-
ond heat transfer portion 32 are configured to allow the
zeotropic refrigerant to flow from first heat transfer portion
31 and turn only once into second heat transfer portion
32. Therefore, a heat exchange loss between the refrig-
erant caused by a temperature difference in the gas-lig-
uid two-phase region of the zeotropic refrigerant can be
minimized. That is, a heat exchange loss between the
refrigerant that occurs at every turn due to a temperature
gradient in the gas-liquid two-phase region of the zeo-
tropic refrigerant can be minimized. As a result, the heat
exchange efficiency can be increased.

[0052] As described above, it is possible to suppress
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aheatexchange loss while using the zeotropicrefrigerant
in heat exchanger HE. In addition, it is possible to sup-
press frost formation while using the zeotropic refriger-
ant, when heat exchanger HE is applied to outdoor heat
exchanger 3 and functions as an evaporator.

[0053] In heat exchanger HE according to the present
embodiment, the ratio of the number of the plurality of
second heat transfer tubes 32a of second heat transfer
portion 32 to the number of the plurality of first heat trans-
fer tubes 31a of first heat transfer portion 31 is lower than
that when the azeotropic refrigerant is used. Therefore,
the number of the heat transfer tubes in the subcool por-
tion of the zeotropic refrigerant can be made smaller than
the number of the heat transfer tubes in the subcool por-
tion when the azeotropic refrigerant is used. As a result,
the heat exchange efficiency can be increased.

[0054] When heat exchanger HE functions as a con-
denser during the cooling operation, the saturated liquid
temperature becomes lower than that when the azeo-
tropic refrigerant is used, due to a temperature gradient
of the zeotropic refrigerant, and thus, a limit degree of
supercooling decreases inevitably. Therefore, the heat
exchange efficiency can be increased by decreasing the
number of second heat transfer tubes 32a of second heat
transfer portion 32 where the zeotropic refrigerant chang-
es into the supercooled liquid and increasing the number
of first heat transfer tubes 31a of first heat transfer portion
31 where the gas-liquid two-phase refrigerant is con-
densed, as compared with when the azeortropic refrig-
erant is used.

[0055] Since the number of second heat transfer tubes
32a of second heat transfer portion 32 that is the lower
section is smaller than the number of first heat transfer
tubes 31a of first heat transfer portion 31 that is the upper
section during the heating operation, the refrigerant tem-
perature can be increased by increasing a pressure loss
for first heat transfer portion 31 that is the upper section.
As aresult, icing in alowermost part of second heattrans-
fer portion 32 that is the lower section where root ice is
likely to occur can be suppressed.

[0056] In heat exchanger HE according to the present
embodiment, header 34 is connected to each of both
ends of each of the plurality of first heat transfer tubes
31a of first heat transfer portion 31 and the plurality of
second heat transfer tubes 32a of second heat transfer
portion 32. Therefore, heat exchanger HE can be a par-
allel flow-type heat exchanger.

[0057] In heat exchanger HE according to the present
embodiment, each of the plurality of first heat transfer
tubes 31a of first heat transfer portion 31 and the plurality
of second heat transfer tubes 32a of second heat transfer
portion 32 is at least any one of an oval tube, a circular
tube and a flat perforated tube. Therefore, a degree of
freedom in production can be increased.

[0058] Refrigeration cycle apparatus 100 according to
the present embodiment includes above-described heat
exchanger HE. Therefore, there can be provided refrig-
eration cycle apparatus 100 including heat exchanger
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HE that makes it possible to suppress a heat exchange
loss while using the zeotropic refrigerant, and to suppress
frost formation.

Second Embodiment

[0059] Heat exchanger HE according to a second em-
bodiment has the same configuration, operation, and
function and effect as those of heat exchanger HE ac-
cording to the first embodiment, unless otherwise spec-
ified.

[0060] Referringto Fig. 10, heatexchanger HE accord-
ing to the second embodiment includes a heat blocking
mechanism 40. Heat blocking mechanism 40 is provided
between first heat transfer portion 31 and second heat
transfer portion 32. Specifically, heat blocking mecha-
nism 40 is provided between first heat transfer tubes 31a
of first heat transfer portion 31 and second heat transfer
tubes 32a of second heat transfer portion 32. Heat block-
ing mechanism 40 is a partition plate 41. Partition plate
41 is configured to be able to block heat transfer from
first heat transfer tubes 31ato second heat transfer tubes
32a. Partition plate 41 has a thermal conductivity lower
than that of fins 33.

[0061] Referring to Fig. 11, in each of fins 33 in a first
modification of heat exchanger HE according to the sec-
ond embodiment, heat blocking mechanism 40 is a slit
42.8Slit42 is provided to separate fin 33 midway between
a peak portion and a valley portion of fin 33. The peak
portion of fin 33 is fixed to first heat transfer tube 31a of
first heat transfer portion 31, and the valley portion of fin
33 is fixed to second heat transfer tube 32a of second
heat transfer portion 32.

[0062] Referring to Fig. 12, in a second modification of
heat exchanger HE according to the second embodi-
ment, heat blocking mechanism 40 is a gap 43. Fin 33
is not arranged in gap 43.

[0063] In heat exchanger HE according to the present
embodiment, heat blocking mechanism 40 is provided
between first heat transfer portion 31 and second heat
transfer portion 32. Therefore, heat transfer between first
heat transfer portion 31 and second heat transfer portion
32 can be suppressed by heat blocking mechanism 40.
Thus, a heat exchange loss between the refrigerant that
occurs at the turn between first heat transfer portion 31
and second heat transfer portion 32 due to a temperature
gradient in the gas-liquid two-phase region of the zeo-
tropic refrigerant can be suppressed.

[0064] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present disclosure is
defined by the terms of the claims, rather than the de-
scription above, and is intended to include any modifica-
tions within the scope and meaning equivalent to the
terms of the claims.
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REFERENCE SIGNS LIST

[0065] 1 compressor; 2 four-way valve; 3 outdoor heat
exchanger; 4 expansion valve; 5 indoor heat exchanger;
6 outdoor blower; 7 indoor blower; 8 controller; 10 refrig-
erant circuit; 31 first heat transfer portion; 31a first heat
transfer tube; 32 second heat transfer portion; 32a sec-
ond heat transfer tube; 33 fin; 34 header; 34a first header
portion; 34b second header portion; 40 heat blocking
mechanism; 100 refrigeration cycle apparatus; HE heat
exchanger.

Claims
1. A heat exchanger comprising:

a first heat transfer portion having a plurality of
first heat transfer tubes;

a second heat transfer portion having a plurality
of second heat transfer tubes; and

a zeotropic refrigerant flowing through the plu-
rality of first heat transfer tubes of the first heat
transfer portion and the plurality of second heat
transfer tubes of the second heat transfer por-
tion,

the plurality of first heat transfer tubes of the first
heat transfer portion and the plurality of second
heat transfer tubes of the second heat transfer
portion being arranged in a line, and

the first heat transfer portion and the second
heat transfer portion being configured to allow
the zeotropic refrigerant to flow from the first
heat transfer portion and turn only once into the
second heat transfer portion.

2. The heat exchanger according to claim 1, wherein
a ratio of the number of the plurality of second heat
transfer tubes of the second heat transfer portion to
the number of the plurality of first heat transfer tubes
of the first heat transfer portion is lower than that
when an azeotropic refrigerant is used.

3. Theheatexchangeraccording to claim 1 or 2, further
comprising a header, wherein
the header is connected to each of both ends of each
of the plurality of first heat transfer tubes of the first
heat transfer portion and the plurality of second heat
transfer tubes of the second heat transfer portion.

4. The heat exchanger according to any one of claims
1 to 3, wherein
each of the plurality of first heat transfer tubes of the
first heat transfer portion and the plurality of second
heat transfer tubes of the second heat transfer por-
tion is atleast any one of an oval tube, a circular tube
and a flat perforated tube.
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The heat exchanger according to any one of claims
1 to 4, further comprising a heat blocking mecha-
nism, wherein

the heat blocking mechanism is provided between
the first heat transfer portion and the second heat
transfer portion.

A refrigeration cycle apparatus comprising:

the heat exchanger as recited in any one of
claims 1 to 5; and

a compressor configured to compress the zeo-
tropic refrigerant flowing into the heat exchang-
er.
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